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IDENTIFICATION OF WOOD ENERGY RESOURCES 
IN CENTRAL MICHIGAN 


The task of meeting energy needs Is particularly Important In 
Michigan, considering Its dependence on outside sources of energy 
(Michigan presently produces only about four percent of Its energy re- 
quirements) . Renewable resources, particularly wood biomass, are being 
viewed as a highly desirable alternative energy source. While fossil 
fuels are relatively scarce In Michigan, forests are widely distributed 
In the state (about half of Michigan's land area Is forested). Develop- 
ments In using wood as a "direct-burn" energy source have progressed to 
a stage where It Is now viewed technically feasible and cost-effective. 

A cooperative venture, consisting of Wolverine Electric Cooperative 
(a publicly-owned electric generation and transmission cooperative) , 
>k>rbark Industries, Inc. (a forest products firm which manufactures 
wood -harvesting equipment), and Consumers Power Company (a privately- 
owned electric and gas utility) Is presently planning to build a wood- 
burning generating plant in west-central Michigan. There Is a lack of 
Information on the extent, availability, and location of non-commercial 
timber resources (standing tree residues, over-stocked stands, logging 
residues, sites in need of conversion, etc.) which will be used in the 
power plant. The Remote Sensing Project (RSP) at Michigan State Univer- 
sity, In support of this cooperative venture's planning phase to build a 
wood-burning electrical generating plant, conducted a remote sensing 
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demonstration project to acquire wood energy resource data. Assistance 
provided by the Remote Sensing Project Is being financially supported by 
a National Aeronautics and Space Administration (NASA) grant to Michigan 
State University. The research grant, NASA NGL 23-004-083, is adminis- 
tered by the University Applications Program of the NASA Office of Space 
and Terrestrial Applications. 

Information on the location and quantity of forested acreage In 
the study area (see Fig. 1) has been extracts from several sources. 
Existing forest cover type maps, color-infrared aerial photography, 
LANDSAT satellite imagery, and other recent data sources have been 
utilized to quantify forested acreage. 



Figure 1,— Wood Energy Resource Study Area. 
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Forest Data from Color- Infrared Aerial PhotoRraphy 

Information on the location and quantity of forested acreage In the 
study area (see Fig. 1) has been extracted from several sources. Existing 
forest cover type maps, LANDSAT satellite data analysis, and other recent 
data sources have been utilized to quantify forested acreage. The data 
for Lake, Newaygo, Osceola and Mecosta Counties was compiled from the 
forest land management and Inventory data service maintained by the West 
Michigan Regional Planning Commission (WMRPC). This system Is one of many 
components of the land planning data bank which comprises the WMRPC 's 
Regional Information System (RIS) , The RIS Is a computer-oriented pro- 
gram to support local and regional planning efforts. The data bank con- 
sists of land-oriented data items (soil type, slope, political boundaries, 
residential units, etc.) stored with reference to a grid type 10-acre 
element (Stockman, 1977) . Forest cover type information for the four 
counties was originally interpreted from color- infrared aerial photo- 
graphy and provided in map form under contracts to Environmental Surveys, 
Inc. (Hudson, 1976 and 1977). A program, developed by the Remote Sensing 
Project, reads and condenses the geocoded information on the computer tapes 
and generates summary tables by selected categories. The classification 
scheme utilized to prepare the type maps Is given In Table 1. The area 
of forest cover types by size and density of stocking, by ov'orship, for 
each county is given In tables in the Appendix. Figure 2 is a sample map, 
produced by the Resource Analysis Program (RAP), a computer information 
and mapping system (TUnunn, 1977), showing the distribution of forest 
cover types in a portion of Elk Township (T.20N.-R.14W.) , Lake County, 
Michigan. 
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Table 1. — Classification and Description of Cover Types. 


Cover T5rpes 
Classification 

Synd>ol 

Description of Cover Type 

Pine 

P 

The pine species (eastern white plne» 
red pine. Jack pine, or introduced 
pines) are predominant^ singly or in 
combination. 

I^ite Pine 

Pw 

The predominant species is white pine 
in a stand primarily of pine. 

Rad Pine 

Pr 

The predominant species is red pine In 
a stand primarily of pine. 

Jack Pine 

pj 

The predominant species is jack pine in 
a stand primarily of pine. 

Oak 

0 

The upland oaks are predominant singly 
or in combination. 

Northern 

Hardwoods 

M 

The northern hardwood species (sugar 
maple, beech, basswood, cherry and 
other upland hardwoods) are predom- 
inant singly or in combination. 

Aspen-Birch 

A 

Aspen (quaking aspen, big tooth aspen, 
and balsam poplar) and/or white birch 
are predominant. 

Lowland 

Hardwoods 

E 

The lowland hardwood species (ash, elm, 
maple and other lowland hardwoods) are 
predominant singly or in combination. 

Conifer Swamps 

Q 

Ihe swamp conifer species (northern 
white-cedar, tamarack, and eastern 
hemlock) are predominant singly or in 
combination. 


^Predominant — comprises 40% or more of the stocking. 
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Table 1, — (cont’d.). 
Stand Size Classes. 


Size Class 

Description 

Reproduction 

Recently harvested, or other non-stocked, 
^orest lands on which tree reproduction is 
jelng established either naturally or by 
planting. 

Saplings 

Established forest stands with an average 
height of ten meters or less. 

Pole Timber 

Forest stands with an average height of 
between 10 and 20 meters. 

Saw Timber 

Forest stands with an average height ex- 
ceeding 20 meters. 

Stocking Levels. 

Level 

Description 

Non-Stocked 

Recently harvested forest land on which 
tree reproduction is expected, either 
naturally or by planting. 

Low 

Forest stands with between 25% and 50% 
crown cover. 

Medium 

Forest stands with between 50% and 75% 
crown cover. 

High 

Forest stands with between 75% and 100% 
crown cover. 
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Table 1.— (cont’d.) . 

Stand Size and Stocking Classification. 


Stand Size Average Height Per Cent 

and Stocking of Stand in Crown Cover Symbol 

Meters 


Reproduction/ Non- 

Stocked 0 


0 0 


Sapling 0-10 

Low 

Medium 

High 

Pole Timber 10-20 

Low 

Medium 

High 


25-50 

50-75 

75-100 


25-50 

50-75 

75-100 


Saw Timber 


20 + 


Low 

Medium 

High 


25-50 

50-75 

75-100 
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Forest Data from LANDSAT Satellite Imagery 

For those counties not covered by the recent photo-derived cover 
type maps, LANDSAT satellite data were analyzed to update the existing 
1966 Forest Survey data. Density analysis of LANDSAT satellite images 
provided updated estimates of percent, and therefore acreages, of forest 
cover by county. Preliminary tests Indicate that these figures should be 
better than 90% accurate. The updated acreage estimates were then applied 
to the 1966 Forest Survey figures to update existing area acreage tables. 
Tables A17 and A18, In the Appendix, provide area In acres by forest cover 
types and stand-size classes for Isabella and Clare Counties. 

Forest Data from Existing Land Use Maps 

For comparative purposes, several additional sources of forest data 
have been compiled to supplement the above efforts. As part of their nor- 
mal activities, regional planning commissions have compiled land use maps 
of various counties within the study area. The West Michigan Elegional 
Planning Commission has produced a four-way classification of forest land 
in all of its member counties. Table A19, in the Appendix, presents acres 
of iorest land for Mason and Montcalm Counties. The West Michigan Shore- 
line Regional Development Commission has compiled forest acreage figures 
for the three counties in its planning region. Table A20, in the Appendix, 
presents acres of forest land for Muskegon, Oceana, and Ottawa Counties 
(West Michigan Shoreline Regional Development Commission, undated). 

Scotch pine is the most frequently planted tree in Michigan for 
Christmas trees. Many plantations were established in the late 1950’ s but 
were subsequently neglected and have since grown beyond Christmas tree size. 


A survey of Scotch pine plantations which have grown beyond Christmas tree 
size was conducted in the northwest Lower Peninsula (Lemmien and Bottl, 1974) • 
The results of this survey for selected counties is given in Table A21 of the 
Appendix, 

Forest Distribution Summary 

A graphical summary of the distribution of forest land in the study 
area is provided in Figure 3. Forest distribution was derived from the de- 
piction of woodland on the U«S«G.S. 1:250,000 map series as provided by the 
Office of Land Resource Programs, Michigan Department of Natural Resources 
(MDiNR) . Also included on the map are the three proposed plant sites with 
^ iin(? indicating a fifty-mile radius from each site. Forest and ownership 
data as depicted on Figure 3 and on MDNR county maps were geocoded and placed 
on a computer file. Another RAP routeln was executed which calculated the 
acres of forest land, by ownership, with a specified radius (10, 20, 30, 40 
and 50 miles) of each proposed plant site with the results shown in Table 2. 

Forest Biomass 

After an extensive search of the literature, existing biomass studies 
were compiled for determining their applicability to the study area. Over 
sixty tree-weight tables were prepared from existing tables or formulas. A 
snail sample was chosen to provide a "first-cut” estimate of the precision 
and applicability of tlie various tree-weight tables. Control plots were 
ciniced foi normal volume data and weight data, harvested and then weighed 
to determine actual tonnage yields. Table 3 compares the tonnages as de- 
rived from the ground cruise and weight tables with actual harvested ton- 


nages . 
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Table 2.*— Acres of Forest Land b> Site. 
HAftLAN 


Radius 


Acres of Forest Land 


% of Area 

(miles) 

Federal 

State 

Private 

Total 

Forested 

10 

16640 

33920 

48640 

99200 

49.3 

20 

112000 

85120 

224640 

421760 

52.4 

30 

221440 

182400 

441600 

845440 

46.7 

40 

281600 

284800 

684160 

1250560 

38.9 

50 

355840 

440320 

973440 

1769600 

35.2 

HERSEY 






B ^dlus 


Acres of 

Forest Land 


X cf Area 

(miles) 

Federal 

State 

Private 

Total 

Forested 

10 

-0- 

11520 

20480 

32000 

15.9 

20 

33920 

50560 

227200 

311680 

38.7 

30 

224000 

96000 

524800 

844800 

46.7 

40 

364160 

170880 

879360 

1414400 

44.0 

59 

432000 

370560 

1266560 

2069120 

41.0 

WHITEHALL 


Radius 


Acres of 

Forest Land 


% of Area 

(miles) 

Federal 

State 

Private 

Total 

Forested 

10 

8960 

1280 

68480 

78720 

39.1 

20 

30080 

8320 

155520 

193920 

24.1 

30 

62080 

10240 

229760 

302080 

16.7 

40 

149120 

12800 

377600 

539520 

16.8 

50 

225920 

30080 

528640 

784640 

15.6 
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Using the above derived figures as first estimates, tabular and lo- 
cational estimates of tonnage yields by specified types and areas can be 
made. Figure 4 is a sample map, produced by the RAP program, showing the 
tonnage distribution of oak In a portion of Elk Township (T.20N.-R.14W.) , 
Lake County, Michigan. Total biomass for sample forest types are presented 
In Table 4. 

Table 4. — Biomass of Sample Forest Types. 


Forest 

Type Lake 

04 621,591 

05 3,812,840 

06 4,313,184 

Pr6 622,329 

PJ6 1,939,202 

Ps3 

Total 11,309,146 


BIOMASS 

Newaygo 

(TONS) 

Osceola 

710,318 

29,008 

3,566,784 

127,807 

3,481,900 

231,543 

303,817 

418,023 

495,389 

5,109 

— 

7,294 

8,558,208 

818,784 


Mecosta Total 

35,922 1,396,839 

260,673 7,768,104 

859,425 8,886,052 

304,204 1,648,373 

20,765 2,460,465 

7,294 

1,480,989 22,167,127 
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Figure 4. — Snmple RAP Map Sliowin" Tonnage Distribution of Oak 
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Recoamendatlons for Further Study 

Only a limited number of sample plots could be checked because of 
the time constraints. Additional plots %K>uld be desirable to strengthen 
the existing data and to determine the natural variability or range of 
values. A sufficient number of plots should be located and measured to 
sample all the cover types and the entire range of sizes. These same 
plots should also be located on aerial photographs (e.g. the new color- 
infrared photography acquired by the Michigan Department of Natural Re- 
sources), and photo-derived measurements of the stands should be made. 

The ground and photo measurements can then be compared by a multiple 
regression analysis to create an aerial-photo weight prediction table 
or equation. This table could then be used to predict biomass (from 
photo measurements alone) for any desired stand. This Increased capa- 
bility would readily lend itself to an inventory of biomass using multi- 
scage sampling. For instance, a liMly project may include a first-stage 
stratification using LANDSAT satellite images followed by a pyramiding 
sub-sample which could be drawn from the LANDSAT data, DNR color-infrared 
aerial photography (using the aerial -photo weight table) , and selected 
ground plots. Continued testing and measurements should result in in- 
creasingly accurate weight prediction techniques. 
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AREA IN ACRES BY FOREST COVER TYPES AND STAND-SIZE CLASSES 


TABLE A17.~ ISABELLA COUNTY. MICHIGAN 
1966 Forest Survey Data Updated from LANDSAT Satellite Data Analysis 


COVER TYPE 


SAPLING 

POLE 

TIMBER 

SAW 

TIMBER 



TOTAL 

AREA 

X OF 
AREA 

9SESSSHH1 

910 

13559 

18291 


36400 

41.2 

Lowland Hardwoods 

637 

3640 


m 


lfi.7 

Oak 

91 

2002 

5915 

3276 

11284 

12.8 

Northern Hardwoods 

— 

3276 

7826 

5187 

16289 

18.4 

Jack Pine 


182 

546 

— 

728 

0.8 

«hite Pine 

— 

1 

1 

— 

182 

182 

Hwl 


91 

1820 

3367 

273 

_5551 _ 

6.3 _ 

Scotch Pine 

— 

1183 




1183 

1,3 

Red Pine 

— 

1456 

273 

273 

2002 

n: 

TOTAL 

1729 

27118 

41951 

17563 

88361 


’ercent of Total 

2.0 

30.7 

47.5 

19.9 


100.0 


TABLE A18w— CLARE COUNTY, MICHIGAN 

1966 Forest Survey Data Updated from LANDSAT Satellite Data Analysis 


COVER TYPE 

— 

SAPLING 

POLE 

TI»fflER 

SAW 

TIMBER 

TOTAL 

AREA 

% OF 
AREA 

Aspen-Birch 

3192 

45353 

62377 

11305 

122227 

40.1 

Lowland Hardwoods 

1330 

8512 

11305 

13300 

34447 

11.3 

Oak 

1862 

8246 

19950 

9975 

40033 

13.1 

Northern Hardwoods 

931 

11970 

44821 

16296 

73948 

24.3 

Jack Pine 

266 

1463 

1862 

133 

3724 

1.2 

White Pine 

«... 

n 

1 

1 


931 

931 

0.3 


399 

6384 

11837 

■SSI 

21014 

7.0 

Scotch Pine 


1596 



1596 

0.5 

Red Pine 


3857 

1596 

1197 

6650 

2.2 

TOTAL 

7980 

87381 

153748 

55461 

304570 



2.6 

28.7 

50.5 

18.2 


100.0 










































































































TABLE A19.~Acres of Forest Land in Mason and Montcalm Counties.* 



Mason County 

Montcalm County 

Hardwood 

91,837 

75,345 

Conifer 

19,277 

10,072 

Hardwood/Conifer 

23,740 

3,010 

Wooded Wetland 

28.675 

40.427 

Total 

163,529 

128,854 


* John Dean» West Michigan Regional Planning Conunission, personal 
communlcat ions . 


TABLE A20. — Acres of Forest Land in Muskegon, Oceana, and Ottawa 
Counties. 



Muskegon County 

Oceana County 

Ottawa County 

% Forested 

46.8 

48.2 

24.2 

Total Land Area 

332,160 

346,240 

366,080 

Acres Forested 

155,451 

166,888 

87,859 





TABLE A21.~Scotch Pine Survey In the Northwest Lover Peninsula. 


County 

Plantations 

Sani{>led 

Average 

Plantation Size 

Estimated Total Area in 
Scotch Pine Plantations 

Benzie 

10 

6.2 

1,240 

Grand Traverse 

9 

2.6 

569 

Kalkaska 

11 

8.7 

2,316 

Lake 

0 

— 

— 

Leelanau 

12 

2.3 

710 

Manistee 

3 

19.2 

1,698 

Mason 

17 

4.9 

2,053 

Missaukee 

16 

8.3 

3,184 

Osceola 

5 

3.8 

521 

Wexford 

_6 

6.6 

863 

Total 

89 

6.1 

13,154 


